Abstract-This paper presents a gravimetric study (based on 382 gravimetric stations in an area about 32 km 2 ) of a nearly flat basin: the Low Andarax valley. This alluvial basin, close to its river mouth, is located in the extreme south of the province of Almería and coincides with one of the existing depressions in the Betic Cordillera. The paper presents new methodological work to adapt a published inversion approach (GROWTH method) to the case of an alluvial valley (sedimentary stratification, with density increase downward). The adjusted 3D density model reveals several features in the topography of the discontinuity layers between the calcareous basement (2,700 kg/m 3 ) and two sedimentary layers (2,400 and 2,250 kg/m 3 ). We interpret several low density alignments as corresponding to SE faults striking about N140-145°E. Some detected basement elevations (such as the one, previously known by boreholes, in Viator village) are apparently connected with the fault pattern. The outcomes of this work are: (1) new gravimetric data, (2) new methodological options, and (3) the resulting structural conclusions.
Introduction
The inverse gravimetric problem, namely the determination of a subsurface mass density distribution corresponding to an observed gravity anomaly, has an intrinsic non-uniqueness in its solution (e.g., AL-CHALABI 1971) . Nevertheless, particular solutions can be obtained by including additional constraints on the model (geometry of the subsurface structure) and on the data parameters (statistical properties of the inexact data, e.g., Gaussian distribution of errors).
The shallow basin structures filled with light sedimentary material constitute a particularly interesting case of the gravity inversion, due to their geological interest. They cause a closed negative anomaly, which usually is modelled by considering an outcropping flat low-density body (homogeneous or stratified) limited by a concave shallow bottom (e.g., LEÃ O et al. 1996) . The usual inversion methods look for determining, in a non-linear approach, the bottom interface as defined by elementary cells. Rectangular prisms have been used widely to describe the model structure (e.g., CORDELL and HENDERSON, 1968; RAMA RAO et al., 1999) .
The case of assuming a subsurface structure characterised by several sub-horizontal layers of prescribed density contrasts is more complex and involves a higher ambiguity. The main problem is to assign the features of the anomaly map as produced by irregularities on one or another interface. Traditional methodologies are mostly based on the calculation of the Fourier transform of the gravitational anomaly as the sum of the Fourier transform of powers of the perturbing interface topographies (e.g., OLDENBURG, 1974; CHAKRABORTY and AGARWAL, 1992; REAMER and FERGUSON, 1989) . CAMACHO et al. (2009 CAMACHO et al. ( , 2011a ) describe a general method and a code (''GROWTH'') to carry out a 3D gravity inversion in a not subjective approach, able to determine the geometry of the causative bodies. CAMACHO et al. (2011b) proposed a modification of the original methodology enabling one to deal with isolated bodies or stratified structures in a versatile form. The key idea is to modify the adjustment equations for isolated bodies (GROWTH method) by adding a weighting matrix enabling a shift of the adjusted anomalous masses closer to the discontinuity interfaces.
In the present paper we describe a new alternative possibility of obtaining stratified structures by means of the GROWTH methodology. The key idea is to change the prescribed density contrast at some stage during the growing process of modelling. It is combined with a suitable choice of the gravity constant offset. These new options allow modeling stratified structures as, for instance, alluvial valleys by means of 3D models. It will provide interesting results concerning the topography of the discontinuity surfaces, the presence of large faults, and the existence of the included particular anomalous bodies . These types of geological structures are composed fundamentally of sedimentary rocks and represent the material record in the form of rock layers or strata that once existed on the earth. Sedimentary rocks contain information about what earth surface environments were like in the past and can contain important natural resources. From the seismic engineering point of view, sedimentary materials can produce the so-called local seismic effects, generating the amplification of the seismic inputs and spectral resonances at the free surface of an alluvial valley (see, e.g., LUZÓ N et al., 1995 (see, e.g., LUZÓ N et al., , 2004 (see, e.g., LUZÓ N et al., , 2009 .
As a test example, the proposed gravity inversion approach is applied to a data set recently collected for studying the Low Basin of the River Andarax in the Betic Cordillera. This area is one of the most arid regions in Europe with very irregular precipitation. The intensive agricultural activity depends on the exploitation of the groundwater. We aim to determine a model of the subsurface mass distribution composed by some irregular strata.
Geological Setting
The tectonically active Betic Cordillera is a topographic manifestation of the collision between the African and Iberian plates. It consists of E-W and NE-SW trending mountain ranges separated by less elevated sedimentary basins. Betic basins were marine depocenters from late Miocene through Pliocene time, and emergent until upper Pliocene/lower Pleistocene time (SANZ DE GALDEANO and VERA, 1992) .
The Low Basin of the River Andarax is located in the extreme south of the province of Almeria (Fig. 1) and coincides with one of the existing depressions in the Betic Cordillera. This valley, which is limited to the south by the Mediterranean Sea, is enclosed by Sierra Alhamilla (in the East), with its mainly metapelitic outcrops, and Sierra de Gádor (in the West), which constitutes a carbonate-dolomite massif with outcroppings of phyllites (Fig. 1) . The depression is filled by post-orogenic detrital deposits of diverse lithology (marls, sandy silts, sands and conglomerates) with evaporite intercalations of gypsiferous nature. The mica-schists and quartzites are practically impervious, while the carbonate formation has high porosity and permeability values due to fissures and/ or karstification. The post-orogenic rocks exhibit great differences in permeability. The Miocene and Pliocene marly formations have very low permeability, whereas the Pliocene deltaic sediments and the Quaternary and Plio-quaternary formations are water-bearing. In accordance with this distribution, three hydrogeological units have been defined: Detrital Aquifer, Carbonate Aquifer, and Deep Aquifer (PULIDO-BOSCH et al., 1991; SÁ NCHEZ-MAR-TOS, 1997) .
The Low Andarax basin corresponds to an alluvial valley of about 250 km 2 . It is located in one of the most arid regions in Europe, which is characterized by its low (200-350 mm/year) and irregular precipitation which falls mainly (70 %) in autumn and winter (MARTIN-ROSALES et al., 1996) . This determines the pattern of groundwater exploitation supporting an intensive agricultural activity. This basin is situated in an active seismic region, with the highest seismic hazard values in Spain, where shallow seismic series occur frequently (in fact, the valley is encircled by very near active faults systems). The intense tectonic activity of the zone (SANZ DE GALDEANO et al., 1985) favours an important geothermal activity, as demonstrated by the thermal springs of the Sierra Alhamilla (51.8°C) and Alhama (40.8°C). The tectonic activity of the area has affected the relationship between the different aquifer units. The main late Miocene to Quaternary tectonic structures in the southwestern side of the Alhamilla ridge, in the Almería-Níjar basin, are PlioceneQuaternary high-angle normal faults striking NW-SE to NNW-SSE (MARTÍNEZ-MARTÍNEZ and AZAÑ Ó N, 1997). The fractures coincide with old faults from the Miocene period and have been reactivated during the Quaternary, with throws not higher than 10 m (VOERMANS and BAENA, 1983) . These faults present many young echeloned scarps to the SW of Sierra Alhamilla (SANZ DE GALDEANO et al., 2010) . The NW-SE striking fractures show a great influence on the topography, and are interpreted as deformations in the surface linked to a movement in depth conjugated to the Carboneras fault (PEDRERA et al., 2006) . Moreover, the seismic hazard is also reinforced because the landform is mainly composed of sedimentary materials, which produce the so-called local seismic effects, with the amplification of the seismic inputs and spectral resonances in the free surface of the valley.
Considering all those problems and characteristics, we aim to get new information about the subsurface 3D density structure of the Low Andarax valley (LAV) by using new geophysical data and new inversion methodology.
Methodology
We present in this section: (1) a brief description of the methodological principles of the previously published methodology for free inversion of isolated 3D bodies, and, (2), the modified version to account for the characteristics of basin structures with several discontinuity interfaces representing alluvial valleys environments. 
General Approach
Large parts of the basic inversion methodology and associated mathematical concepts are described in CAMACHO et al. (2009 CAMACHO et al. ( , 2011a . We, therefore, summarize the key concepts here.
Suppose a data set is constituted of gravity values observed at n gravity benchmarks, irregularly distributed. Let (x i , y i , z i ), i ¼ 1; . . .; n, be the planar coordinates (UTM coordinates) and the altitudes of the gravity stations P i and let Dg i , be the respective gravity anomaly (Bouguer gravity anomaly). We must consider the gravity data as imprecise values whose uncertainties show Gaussian distribution, characterised by a covariance (n, n)-matrix, Q D . Usually, we set q ij = 0, for i = j, and q ii = e i 2 , where e i , i ¼ 1; . . .; n, are standard deviations of the gravity values.
The inversion process constructs a subsurface model defined by a 3-D aggregation of m parallelepiped cells, which are filled, in a ''growth'' process, by means of prescribed positive and negative density contrasts. The design equation to relate observables, i.e., the gravity anomaly Dg i at n benchmarks (x i , y i , z i ), with modelling parameters and residuals v i is :
where A ij is the vertical attraction for a unit density for the jth parallelepiped cell upon the ith observation point (e.g., PICK et al., 1973) , Dq j -, Dq j ? are prescribed density contrasts (negative and positive fixed values) for the jth cell, J ? , J -are sets of indexes corresponding to the cells filled with positive or negative density values, and dg reg is a regional component composed of an offset regional value g 0 and a linear trend:
x M and y M are average coordinates for the survey area, and g x , g y are unknown values for the horizontal gravity gradients. Sets J ? and J -constitute the main unknown to be determined in the inversion approach. They design cells filled with positive and negative density contrast, then determine the geometry of the anomalous bodies in a non-linear relationship.
Following the general treatment of the leastsquares inversion methods of TARANTOLA (1988) , to solve the problem of non-uniqueness, we adopt a mixed minimization condition, based on model ''fitness'' (least square minimization of residuals) and model ''smoothness'' (l 2 -minimization of total anomalous mass) A. This covariance matrix allows getting inversion models located on suitable depths (see simulation tests in references), and it plays the role of the depth-weighting functions in the bibliography about gravity and magnetic data inversion (for instance LI and OLDENBURG 1998) . The problem of non-linearity of the system, with a large number of unknowns, is solved by a particular constructive process: the anomalous structures are formed by a nearly homogenous growth by cell addition, from previously adjusted ''skeletal'' structures, until the bodies attain a suitably developed size.
The prismatic cells are systematically tested, step by step, with each prescribed density contrast, and then the best solution is adopted to grow anomalous bodies. The minimization fit conditions are applied for each growth step, and include a scale factor f, which relates the immature model to the global conditions concerning gravity fit and model size (mass and volume).
In practice, for an arbitrary (k ? 1)th step, k prisms have been previously filled with the positive or negative fixed contrast values and the modelled gravity values will be g i c , i ¼ 1; . . .; n. Now, the process looks, throughout the m-k unchanged prisms, for one new prism to be modified. For that, for each jth unchanged prism, and for both the negative and positive prescribed density contrasts, the following equation system is considered:
where Dq j are the prescribed values Dq j ? and Dq j -, and f C 1 is an unknown scale factor for fitting the modelled anomalies (Dg i c ? A ij Dq j ) to the observed anomalies (Dg). Then, the unknown parameters f, g x and g y are adjusted by solving the system (4) and (5), where the vector m of solutions now includes the values for the previously filled cells and the value D q j that is being tested. Once the former linear equations have been solved, we can calculate the misfit value e j 2 defined by
as the parameter for the suitability of the jth prism and the adopted density contrast (positive Dq j ? or negative Dq j -). Then, the jth prism with a density contrast producing a minimum value of e j 2 is selected to grow the anomalous body, adding its effect to the modelled Dg i c values (see CAMACHO et al., 2007, for details) . This process is repeated in a step-wise manner until a best fitting model is obtained. For each successive step, the scale value f decreases. The process stops when f approaches 1, resulting in the modelled 3-D structure for anomalous density and a final linear regional trend. CAMACHO et al. (2000 CAMACHO et al. ( , 2002 and GOTTSMANN et al. (2008) give some simulation examples showing the suitability of this 3D inversion approach while also pointing out some limitations.
For isolated anomalous bodies, we suggest including the parameter g 0 as an unknown parameter in the fit equations. The reference papers give details about this option. The adjusted value for g 0 will contribute to satisfy the minimization condition. For isolated bodies, we also suggest keeping the same anomalous density contrast (Dq ? and Dq -) across the model growth. The resulting anomalous bodies will be homogeneous and comparable for each other.
In the present study we introduce two improvements in the methodology to allow for a suitable modeling of stratified erosional structures, as in the case of alluvial valleys. They are: (a) the adoption of a suitable gravity offset g 0 , and (b) the adoption of stepped density contrasts.
Gravity Offset g 0
A value of g 0 resulting from a free adjustment according to the global minimization conditions (Eq. 4) will be not very different from a mean anomaly value. It will provide isolated anomalous bodies with good fitting. These isolated bodies will involve some depth inverse mass distribution: positive anomalous density upon a not anomalous medium, or negative anomalous density below a not anomalous medium.
For a realistic stratified structure (as the case of a basin) the density follows mostly a non-inverse distribution. The density increases with depth. Inverse distributions are possible, but not frequent. We could restrict our results to models with noninverse density distribution only. It could be partially controlled with the gravity offset parameter g 0 .
For a model cell j with (positive or negative) density contrast Dq j located just upon a cell k with (positive, negative or null) density contrast Dq k , we define the inverse contribution C j as C j = D j S j , where Dj = Dq j -Dq k if Dq j [ Dq k and Dj = 0 in other cases. S j is the contact area between j and k cells. The sum of the inverse contributions
gives an index of the mass inversion present in the model. For a value g 0 close to the mean anomaly, the model will be constituted mostly by isolated bodies. The index of mass inversion C will be high. If we try smaller g 0 values, the value C will decrease, and the model will offer larger positive masses in the bottom. (2000, 2002) . The alternative approach we propose here is to construct models with a higher density contrast in their core (or their bottom, for stratified structures) and with a lighter density contrast for their periphery (or their top, for stratified structures). For that, we start the model growth ( Fig. 2) Fig. 2) for the following cells in the model growth. The process continues with this new density contrast. The negative density contrast can change at this point (f 1 ) or in another independent moment. The choice of the suitable value f 1 (or, better, f 1 / f 0 ) for density change will be decided with regard to the resulting model, and the corresponding information from boreholes or geologic or seismic data. Figure 3 shows an example of model (1) with one density contrast (60 kg/m 3 ), and (2) with a change of density contrast (form 60 to 30 kg/m 3 ) at some step in the model growth (according Fig. 2 ). This concept can be extended to several successive density (decreasing) changes to produce a stratified model with several layers.
Synthetic Example
In previous papers (CAMACHO et al. 2000 , 2002 , and GOTTSMANN et al. 2008 , we presented some simulation test examples corresponding to the general GROWTH methodology for gravity inversion. Now, this section shows a brief synthetic example to illustrate the effect of the new ways (adoption of a suitable gravity offset, and adoption of stepped density contrasts) corresponding to the study of an alluvial valley.
For higher homogeneity, we suppose the same area and the same distribution of gravity points as in the further application case (LAV, Sect. 4). Below this area we suppose a synthetic valley structure Figure 4 Modelling of a synthetic anomalous structure. a 3D synthetic model for a stratified basin structure. b Gravity anomaly corresponding to the synthetic structure for the application gravity points. c 3D model obtained by application of the general gravity inversion approach. composed by four layers with density contrast -250, 0, 250, 500 kg/m 3 and reaching a depth of about 1,500 m (see Fig. 4 ). The adopted synthetic value for g 0 is 0 lm/s 2 . Figure 4b shows the simulated gravity anomaly field corresponding to the synthetic structure. By means of direct application of the general GROWTH method for gravity inversion, with only a density contrast ±400 kg/m 3 and free adjustment of the gravity offset g 0 , the resulting 3D model for anomalous density is that of Fig. 4c . The corresponding adjusted value for g 0 is 227 lm/s 2 . This model could be suitable for other kinds of structures (isolate bodies within a rather homogeneous medium), but it is inadequate for a stratified basin context. By application of the gravity inversion approach including the new procedures of this paper (adoption of a suitable gravity offset, and adoption of stepped density contrasts) and the same density contrast (-250, 0, 250, 500 kg/m 3 ) then the resulting model (Fig. 4d) is clearly advantageous. It shows a stratified basin structure. The value for g 0 is now -37 lm/s 2 .
With a larger data set (greater coverage upon the anomalous structure) the fit with respect to the synthetic body would be even greater.
Application Test Case: The Low Andarax Valley (Almería, Spain)
As a test case, this new approach will be applied to get a structural 3D density model from the new gravity data observed in the LAV. In the following, we describe the data and the resulting model.
Data: Gravity, Positioning, and DEM
The gravimetric survey in the LAV was carried out during two field campaigns in July 2012 and May 2013. It consists of 382 gravimetric stations (see Fig. 1 ) covering the studied area, with a station spacing of about 200 m. A CG-5 Scintrex gravimeter was used for the field measurements. The total number of gravimetric observations was 437. The number of repeated stations was 11, and the number of observations at these base stations was 66.
Simultaneously, by using geodetic GPS TOPCON equipment, we determined the positions of the gravity stations with an accuracy better than ±5 cm (this would amount to about 0.15 lm/s 2 ). This GNSS geodetic support of the gravimetric observations was carried out using the Relative-Static method by carrier phase differences (HOFFMANN-WELLENHOF et al., 2008) . It was performed collecting GNSS carrier observations for periods of 10-30 min, depending on the baseline length, and using two GNSS receivers. One of them remained collecting GNSS data in the same place during all the field campaign while the other one recorded GNSS observations on the gravimetric station simultaneously with the gravimetric observations. For the GNSS data processing, an existing permanent GNSS station was added to the processing routines, ALME. It is an EUREF station operated by the IGN CORS network (PRIETO et al., 2000) . GNSS data were processed using the International GNSS Service final combined solution's precise ephemerides (DOW et al., 2009 ) and calibration antennae patterns from National Geodetic Survey (MADER and BILICH, 2012) . A L3 free fix ambiguity solution was obtained using the Hopfield tropospheric model (HOPFIELD, 1969) . Final coordinates were computed relative to a geodetic reference system ETRS89, which uses the GRS80 ellipsoid (MORITZ, 1980) . The orthometric altitudes were computed from ellipsoid ones using the EGM08-REDNAP geoid model from IGN (IGN, 2010) .
This dataset is complemented with a digital elevation model, DEM (Fig. 1) , for the surrounding area, with a step of 10 m 9 10 m, and extended up to a radius of 20 km around the area (JUNTA DE ANDALUCÍA, 2005) .
The process of data correction starts with the determination of the tidal correction for the gravity data. The obtained values range between -0.79 and ?1.10 nlm/s 2 l. Next, by using a global fit of the redundant observations, we obtained that the precision of the adjusted (relative) gravity values was ±0.38 lm/s 2 . The adjusted instrumental drifts accounted for 8.2 ± 0.03 lm/s 2 /day for July 2012 and 6.9 ± 0.09 lm/s 2 /day for May 2013. Next, we carried out a determination of the gravimetric corrections due to terrain effects from the DEM 3114 A. G. Camacho et al. Pure Appl. Geophys. and corresponding to the observation locations. The obtained values range between 264 and 1,469 lGal, for a reference terrain density value of 1,000 kg/m 3 (this density value is only an initial value that will be changed during the inversion process). Next, we determined the Bouguer gravity anomaly. First, computation of the normal gravity was referenced to GRS80 (MORITZ, 1980) and then, a freeair gradient -3.086 lm/s 2 /m. The Bouguer gravity correction was calculated using the average density of 2,300 kg/m 3 . This local value for average density was determined from the gravity data by looking for a minimum correlation between elevation and a gravity anomaly for the shortest wavelength components of topography. It is attained just by means of the further inversion process, according to an improvement developed by CAMACHO et al. (2007) , which allows modifying the initial assumed terrain density. By including the terrain correction for the gravity disturbances, we computed a Bouguer gravity anomaly (with terrain correction). The values of this Bouguer gravity anomaly (with topographic correction) have a dispersion of ±34.18 lm/s 2 , and a difference between extreme values of 225.93 lm/s 2 .
The corresponding anomaly map (Fig. 5a) shows the dominant presence of a clear ENE-WSW increasing regional trend, which does not allow distinguishing any local details.
Resulting Inverse Model
The first result of the inversion process is the simultaneous determination of a linear regional trend (Fig. 5b) . In the LAV, this regional trend generates a gravity increase of 18,25 lm/s 2 /km according to a ENE-WSW direction N51°E. CASAS and CARBÓ (1990) and GALINDO-ZALDÍVAR et al. (1997) showed sharp gravity gradients close to the coast in the area of Betics. TORNÉ and BANDA (1992) and GALINDO-ZALDÍVAR et al. (1997) explained these gradients as due to a sharp local change of the crustal thickness. However, this trend can be related to the presence of dense limestones and dolomites of Sierra de Gádor in the western part of the valley. After removing this regional trend, the resulting anomaly (local anomaly) (Fig. 5c) shows some local features, which should correspond to local anomalous density structures. The benchmark elevation values are shown in Fig. 5d . The inversion process uses both data sets to adjust a 3D structure for anomalous density.
The main decision for the gravity inversion is the choice of some density contrast for the model. For that, we follow the previous work by MARIN LECHADO (2005) . He carried out gravimetric studies for two contiguous areas: Campo de Dalías (west) and Campo de Nijar (east). In his wide study he included seismic, magnetic, and borehole data, and geologic information. Based on this previous work (mainly in the part of Campo de Dalías), we select the following values to carry out the 3D gravity modelling of the basin: (1) . The fit to the observed anomalies (Fig. 4c) (2005) suggested depths for the basement of around 700 m. So we limit our model to a depth of 1.4 km. Once those parameters are fixed, the inversion approach is nearly automatic. First, we select a 3D grid composed by 83,407 cells, with an average side of about 90 m. The resulting model is determined by a step-by-step aggregation of 1,000 cells filled with the prescribed density contrasts. It reproduces the observed anomaly well (Fig. 6a) . The quality of the adjustment of the model can be assessed from the standard deviation of the final residuals, which is 0.6 lm/s 2 (Fig. 6b) . These residuals, essentially uncorrelated, are produced by very local anomalies, slight imperfections in the topographic correction, or the errors in the altimetry or gravimetric observations. Figure 7 shows the resulting 3D model for anomalous density by means of several cross-sections (horizontal sections, and WE and SN vertical profiles). This model shows a stratified structure composed by sub-horizontal layers. Figure 7 suggests the adjusted topography for the discontinuity surfaces S1 and S2 between the assumed media: (M1 We observe that the adjusted depths amount to about 700 m for S1 (basement) and to about 400 m for S2 (between M2 and M3, Neogene sediments) in the central portion of the low basin. A basement depth of *550 m was estimated in the South of the model in the test-site for the SCA method (GARCÍA-JEREZ, 2010), which shows high densities in that area beneath some interface lying between 400 and 600 m. The morphology of the stratified structure mostly corresponds to a nearly flat low basin. However, depths of discontinuity surfaces oscillate showing a topography of lows and highs, suggesting some particular features, which could be correlated with structural peculiarities.
Discussion and Conclusions
The morphology of the LAV consists of a stratified structure composed by sub-horizontal layers, mostly corresponding to a nearly flat low basin. In the prospected area, the basement is found symmetrically to the river bed, being associated with the foothills of Sierra Alhamilla (eastern edge) and Sierra the Gádor (western edge). The near-surface sections (200-300 m) show a more heterogeneous density distribution that may correspond to greater variations in lithologies. Conversely, deeper densities become more uniform, meaning less diverse materials. We detect a sharp structure of low density in the most northern part of the gravity survey. It includes a deep hole in the basement filled by sediments. This is in agreement with the geological data by MARIN LECHADO (2005) (Fig. 8) showing the sedimentary basin fill (marls, silt sands and conglomerates) thickening to the north, and also with data from ground water wells (SÁ NCHEZ-MARTOS, 1997). Nevertheless, we would need to extend the gravity survey to the North in future works to get a full coverage of this low and avoid the boundary effects which may distort the anomaly.
Some particular features have been inferred from the gravity data. For instance, we observe a particular crest (V in Fig. 9 ) of the layers, close to the village of Viator. This feature agrees with boreholes data and seismic noise surveys, which show a limestonedolomitic mass at *200 m depth and a high-density anomaly. This place (near Viator village) is the only zone where boreholes shown in Fig. 9a reveal such a type of geological materials. This anomaly, which can be clearly seen in the 200-600 m depth sections, matches previous cross-sections proposed by SÁ N-CHEZ-MARTOS (1997) on the basis of borehole data. We have found a NW-SE trend for this anomaly and an approximate length of 2 km in horizontal sections down to 500 m depth. The model provides new information about similar structures located SE from anomaly V and east of the river channel. These areas have not been sufficiently explored with boreholes or they are very shallow. These anomalies are deeper than the Viator structure, being detected below a depth of 500 m.
Another interesting feature corresponds to certain structural alignments (lows) appreciated in the model for the basin. If we compare this map of alignments with a map of apparent faults in the area (Fig. 8a,  MARIN LECHADO, 2005 ) some coincidence can be detected. It allows us to interpret these sharp model alignments as corresponding mostly to faults striking mainly NNW-SSE. Figure 10 shows they run on a horizontal profile obtained by inversion with the general GROWTH inversion method. Alignments following the NW-SE faults can be seen in these sections, according to the NNW-SSE normal faults shown by some authors (SANZ DE GALDEANO et al. 2010; PEDRERA et al., 2012) . This N140-160E direction also coincides with old faults that occurred during the Miocene period (MARTÍNEZ-MARTÍNEZ and AZAÑ Ó N, 1997). The alignment N140°E close to the Sierra de Gádor foothills (NW of the prospected area) is the clearest one. It is also interesting to point out that the adjusted gravity regional trend follows the orthogonal course (51°N). This coincidence suggests some structural relation. Cross-sections of the density model also show probable SSW-NNE trends that have not been described in former works. 
